The conception that a diet high in fat in some way influences blood formation and blood destruction, especially in pernicious anemia and in the anemias of infants, has been voiced repeatedly, and it has been recently re-stated by Minot and Murphy- (1) . The uncertainty, however, as to the effect of fat on the blood and blood-forming organs is well illustrated in the literature. Minot and Murphy (1) empirically exclude most fat from the diet of pernicious anemia patients, while Koessler and associates (2) recommend a diet for the same disease in which approximately two-thirds of the caloric intake is in form of fat, mainly derived from dairy products.
The theory that the blood forming organs are harmfully affected by excess fat and fatty.acids derived especially from milk and its products is, in a measure, supported by the prevalence of pernicious anemia in countries where the dairy industry and consequent consumption of dairy products occupy a prominent place. Moreover, pernicious anemia patients are usually well nourished in contrast to those suffering from other diseases associated with anemia, and histories of these patients show in many instances a choice of food rich in fat (1) . Gibson and Howard (3) state that patients with pernicious anemia do not do well when butter is added to their diet. Hammarsten (4) points out that fat peopte as a rule tend to have less hemoglobin than thin people. Czerny -(5a) claims-that injurious agents present in milk produce anemia in infants. These agents are said to be fatty acids which cause-an increase of blood destruction (6) . As proof for this is cited the improvement which takes place as soon as milk is limited and other food products substituted. Stoeltzner (7) pointed out that a severe hemolytic -anemia could be produced in children by goat's 521 THE JOURNAL OF CLINICAL INVESTIGATION, VOL. V, NO. 4 milk. This anemia disappeared as soon as the milk was eliminated.
Whether, however, all these anemias of infants are due to excess. fat may be questioned. Milk is very low in iron (8) and experimental anemias may be produced by milk diet and cured by the addition of iron (9) (10). It is also claimed that a vitamin deficiency may account for the anemia of infants fed exclusively on milk (11) . This paper deals with the effect of a high fat diet on the blood and blood-forming organs of the rat, and the evidence tends to show that if all the other necessary constituents of the diet are present, an excess of fat derived from milk exclusively does not of itself impede either growth or blood formation.
EXPERIEENTAL
Sixteen healthy rats were used. Of these eight were put on the stock diet of the laboratory to which was added milk, butter, bread, meat, celery and carrots, thus insuring a thoroughly mixed diet. The remaining eight were fed a high fat diet in which 86.5 per cent of the caloric intake was derived from butter fat. (See table 1 .) The protein was supplied by pure casein, and the salt mixture was the one recommended by Osborne and Mendel (12a). The creamery butter was washed repeatedly to free it from any salts, then cooled to low temperature and the water removed carefully. The dry ingredients of the diet were thoroughly mixed after weighing, and then gradually worked into the butter to insure a complete mixture. Two kilograms of the mixture were made at a time and the food was kept in the ice box between feedings. The consistency of the mixture was such that no scattering of the food was possible, thus insuring fairly accurate measure of the quantities consumed. To this diet was added a small piece of carrot or celery twice a week to provide some bulk and any possible constituent necessary for maintenance and growth as it was desirable to exclude, as far as possible all factors influencing growth unfavorably except, potentially, the fat. This very small amount of vegetables has been disregarded in calculations of the diets. The food of the group on the high fat diet was carefully weighed during the whole of eight months and at no time were the dishes allowed to be empty. All the rats were kept in individual wire cages with raised bottoms, and fresh water was supplied freely. Examinations of freely flowing blood from the tip of the tail were done twice a month. At the end of the experiment Zenker fixed tissues, stained with eosin and methylene blue, and for iron with the potassium ferri-cyanide method, were studied.
Each group of animals included (a) young rats, born in the laboratory and put on the diet at the age of 6 to 7 weeks; (b) mature animals about 24 months old.
The growth of the young animals proceeded at a rapid rate. The initial weight (see table 2 ) of four of them on high fat diet was doubled respectively in 86 (no. 39), 69 (no. 62), 47 (no. 61)., and 44 (no. 37) days.
The controls doubled their weight in 63, 56, 42 and 41 days. Most of the animals weighed over 100 grams before they were put on the (table 2) . Toward the end of the experiment, however, they had dry, thin fur, and one of them a scab-like eruption on the neck. As slight dryness of the hair was also observed in one of the young animals on the high fat diet and in none of the controls, it may have some significance, in relation to the diet, worthy of investigation. The same phenomenon was observed by Frank (14) in his series of rats fed on high fat diet and he suggests that it may be due to the excess or disproportion of vitamin A in comparison with the other vitamins. He found that feeding carrots from the beginning prevented the skin affection, and adding carrots to the diet after the eruption had appeared caused improvement. He also quotes Czerny (5b), who observed that tuberculous children fed 80 grams of cod then a gradual decline. In the adult rats, with very slight gain of weight, the caloric intake during the first month exceeded that in any of the others, and in July and especially August the consumption was low.
That the caloric requirements of the rat display a tendency to diminish with the increasing duration of the experiment has been shown by Macallum (15) . One may add that the season also influences the consumption of food, the hot summer months showing a definite drop in the caloric intake, without, in these experiments, any tendency to loss of weight.
In table 2 the average red blood cell count during the entire period is recorded with the final count. In the young rats the final count as a rule is somewhat higher than the average, on account of the lower counts obtained during the period of growth. The same holds true of the hemoglobin. Although both the red blood cells and the hemoglobin are slightly lower in the animals fed on a high fat diet, they are well within normal limits as found in this laboratory in a series of 150 apparently healthy rats. The slightly lower hemoglobin may perhaps be due to a deficient intake of inorganic salts because of the high caloric diet. From the evidences at hand, however, there is no injurious effect on the blood-forming organs of the rat from an extremely high diet of milk fat.
In the adult rats the red blood cells stayed at approximately the same level throughout the experiment. The final hemoglobin tended to be lower in all the animals both in the high fat group and the controls. Possibly an age factor plays some r6le.
At necropsy nothing abnormal was noted in the animals on a high fat diet except excessive increase of abdominal fat. Microscopic examination of the bone marrow showed slight increase in fat cells but the blood forming constituents were entirely normal. The liver showed fatty infiltration in 6 out of 7 animals studied. This was marked in one case, moderate in two, and slight in three. In the eight controls two showed slight fatty infiltration of the liver.
Levine and Smith (16) in their experiments with high fat diet of shorter duration than the above found sections of the liver normal in structure and devoid of fat droplets.
DISCUSSION
That rats can grow on a diet in which the caloric intake of fat represents from 80 to 90 per cent of the total food has been shown by Osborne and Mendel (12b) . They were able to secure growth in some of their rats and the failures were explained by the deficient intake of protein and salts due to the high caloric diet. Smith and Carey (17) were unable to secure growth in their rats at a normal rate after 50 days on a ration containing 86 per cent fat calories, derived from lard and cod liver oil, while-Levine and Smith (16) feeding the same percentage of fat from the same sources secured normal, or slightly below normal, growth from 30 to 180 grams in body weight. They concluded that rats grew as efficiently on a high fat diet as on a mixed diet and that the fat was utilized almost completely. Frank (14) feeding a ration of milk fat as high as 91 per cent of the caloric intake to rats found that the animals on the fat ration grew more rapidly than groups fed on a high carbohydrate diet or a normal diet.
The results of the experiments reported in this paper confirm those of the above authors, showing definitely that rats can grow to adult size and that adult rats can maintain and add to their weight over a period of eight months on a diet in which 86.5 per cent of the caloric intake is in the form of butter fat.
The relation of a high fat diet to blood formation and blood destruction has been deduced mainly from clinical observations. That a lack of fat in the diet and primarily perhaps a lack of the fat soluble vitamins will cause a rapid general decline accompanied by anemia has been demonstrated by Koessler and associates (2) . In experiments on rats subject to diets in which the vitamins were insufficient or lacking, Weitbrecht (18) found that fat in the form of olive oil caused a more rapid fall of blood cells and hemoglobin and a shorter course before death supervened, than the standard vitamin free diet alone. Anemia was not found in all the animals fed on a fat and vitamin free diet. The author therefore concluded that -for the production of anemia constitutional factors are necessary. The anemia which occurred in the animals fed with fat as well as in the older adipose animals fed on a vitamin free diet ran a more severe course and went into an aplastic form. As an explanation for this Weitbrecht considered either an injurious effect of the fat in itself, or a similar effect from the fat in a vitamin free milieu. McCarrison (19) also found that a degree of avitaminosis producing a certain train of symptoms including anemia in pigeons and monkeys in the presence of excess starch, will do so twice as rapidly if there is also an excess of fat, i.e., an excessive intake of energy bearing constituents will produce symptoms with an incomplete avitaminosis as rapidly as a complete avitaminosis with energy bearing constituents not so excessive. He concludes that the greater the intake of fat and starches the greater mustbe the intake of vitamin B.
From the experiments by Weitbrecht and McCarrison with vitamin deficiency the conclusion may perhaps be drawn that fat as such is injurious because it is an energy bearing substance in a vitamin deficient milieu, and that growth, maintenance and consequently the activity of the blood forming organs is impaired through the lack of the essential vitamins. That butter fat as such, all the other constituents of the diet being satisfactory, does not injure or inactivate blood formation or increase blood destruction in rats, the experimental animal of preference in nutritional studies, has been definitely shown in this study. To summarize, therefore, young rats will grow to adult size, adult rats will maintain and add to their weight on a diet containing 86.5 per cent of the total calories as butter fat, fed over a period of eight months, without the development of an anemia and without any apparent injury to the blood-forming organs.
CONCLUSIONS
The effect of a diet with 86.5 per cent of the caloric intake in the form of butter fat was studied on growing and adult rats, with reference to growth, maintenance, blood formation and blood destruction, over a period of eight months.
1. Young rats grew to adult size and adult rats maintained and added to their weight.
2. There was no evidence of injury to the blood-forming organs in either group. Slightly lower, but well within normal, hemoglobin values in the growing rats may, perhaps, be explained as the result of somewhat deficient intake of salts due to the high caloric diet. 3 . Dry, thin fur was observed in the adult group and in one of the growing rats. A scab-like eruption was present in one of the adult rats.
4. The caloric intake per 100 grams of live weight decreased with the duration of the experiment in both groups.
5. The necropsy findings were normal except for increase of the abdominal fat and fatty infiltration of the liver in 6 out of 7 cases studied. 6 . The bone marrow showed slight increase in fat cells with normal blood-forming constituents.
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